Objective: Atherosclerosis is believed to be a minor cause of TIA and stroke in younger and middleaged patients. However, data from large cohorts are limited. This study investigates the prevalence of extracranial and intracranial atherosclerosis in stroke and TIA patients aged 18-55 years in the multinational sifap1 study.
to large-artery atherosclerosis 6, [16] [17] [18] but did not specify site or severity of stenoses. Therefore, the prevalence of extracranial atherosclerotic stenoses in younger patients with ischemic cerebrovascular events (CVE) is uncertain. Even fewer data exist on intracranial stenoses.
Significant intracranial atherosclerotic carotid artery stenoses and occlusions in an overall stroke patient population (15-97 years old) occur in 9.6%-26.4% and rates are higher in Hispanic, black, and Asian patients. 8, 9, 12, 15, [19] [20] [21] [22] [23] [24] Among younger Asian stroke patients years old), 26 .5% had intracranial stenoses. 15 However, potential ethnic differences including the higher prevalence of moyamoya disease preclude extrapolation to non-Asian populations. 15 We aimed to assess the prevalence of both extracranial and intracranial atherosclerotic stenoses and occlusions in TIA and ischemic stroke patients aged 18-55 years in the large European, multicenter database of the Stroke in Young Fabry Patients 1 (sifap1) study.
METHODS Sifap1 is a Pan-European multicenter study conducted in 47 study centers in 15 countries, primarily designed to investigate the prevalence of Fabry disease, an X-linked recessive lysosomal storage disease resulting from deficiency of a-galactosidase, in TIA and stroke patients. Between April 2007 and January 2010, 5,023 patients aged 18-55 years (mean age 46 years old) with acute CVE (TIA: n 5 1,071, ischemic stroke: n 5 3,397, hemorrhage: n 5 271, other: n 5 68) within the preceding 3 months were enrolled. This study is a secondary analysis of sifap1 data from patients with TIA or ischemic stroke. The study protocol has been described previously. 25 In brief, all patients were diagnosed and treated in specialized stroke centers according to European Stroke Organisation guidelines. Experienced neurologists or stroke physicians established the diagnosis of stroke or TIA and their classification according to Trial of ORG 10172 in Acute Stroke Treatment (TOAST) criteria. They diagnosed dissection by clinical judgment based on suggestive symptoms (e.g., acute pain in projection of the carotid or vertebral artery or acute Horner syndrome) and specific sonographic or MRI patterns (e.g., site of occlusion, tapered lumen or "flame sign," and absence of atherosclerosis at site of occlusion). Demographic data and medical history including vascular risk factors were collected prospectively; laboratory tests and neuroimaging studies were collated centrally.
Standard protocol approvals, registrations, and patient consents. All patients or their guardians gave written informed consent. The study was conducted according to the Declaration of Helsinki and approved by the local ethics committee of the leadership study center at the University of Rostock and of each individual study center. The sifap1 study (www.sifap.eu) reports on a clinical trial and has been registered: http://clinicaltrials.gov/ct2/ show/NCT00414583, clinical trial identifier number: NCT00414583.
Ultrasound examination. Ultrasonography of the extracranial and intracranial arteries was exclusively performed in 2,457 patients with ischemic stroke or TIA at 44 selected centers where reliable ultrasound facilities meeting international standards were routinely available.
Extracranial color-coded sonography. Extracranial carotid and vertebral arteries (VA) were examined with linear ultrasound transducers (bandwidth 3-13 MHz). Systolic, diastolic, and mean flow velocities in common carotid artery, internal carotid artery (ICA), and V2 segments of VA were documented after angle correction. We uniformly classified ICA stenoses according to current guidelines of the American Stroke Association 26 : if peak systolic velocity (PSV) was $125 cm/s, ICA stenosis was defined as being equivalent to $50% according to North American Symptomatic Carotid Endarterectomy Trial criteria. Occlusion was defined by absence of Doppler and color signal, typical proximal biphasic Doppler spectra, and additional indirect criteria like crossflow. Carotid plaque was defined as any arterial wall irregularity thicker than 1.5 mm or exceeding .50% of the surrounding wall thickness that protruded into the vessel lumen.
VA measurements were taken in the V2 segment and considered abnormal if there was direct evidence of local or indirect evidence of proximal or distal flow abnormalities. Overall, abnormal flow characteristic of the posterior circulation was defined by at least unilateral 1) flow abnormality of the (extracranial) V2 segment of either VA, 2) intracranial VA stenosis or occlusion, or 3) basilar artery (BA) stenosis or occlusion.
Transcranial Doppler sonography. Transcranial Doppler sonography (TCD) transducers had a bandwidth of 1-4 MHz. The middle, anterior, and posterior cerebral arteries (MCA, ACA, PCA) were examined through the transtemporal window at insonation depths of 50, 70, and 65 mm, respectively. Both VA and the BA were studied via the foramen magnum at insonation depths of 65-90 mm. Examiners categorized their results into normal, stenosis, occlusion, or not assessable according to local standards, chiefly based on the combination of PSV values exceeding 120-160 cm/s and disturbed flow.
Symptomatic stenoses and occlusions. After MRI and clinical evaluation, extracranial ICA stenosis $50% or occlusion was considered symptomatic if the index CVE involved the ipsilateral MCA or ACA territory. ACA, MCA, and PCA stenoses and occlusions were deemed symptomatic if the corresponding ipsilateral territory was affected. Intracranial VA and BA stenoses and occlusions were deemed symptomatic if brainstem, cerebellum, or thalamus were affected on either side. CVE etiology was determined by TOAST classification: 1) large-artery atherosclerosis, 2) cardioembolism, 3) small-vessel occlusion (lacunar), 4) stroke of other determined etiology, or 5) stroke of undetermined etiology. 27 Statistical analysis. We calculated the prevalence of carotid plaques, stenosis, and occlusions of the intracranial and extracranial arteries for younger (18-44 years) and middle-aged (45-55 years) patients, and for both sexes. In case of occlusion and additional contralateral stenosis, we only counted the occlusion.
We compared findings between the strata using multiple logistic regression analysis that included sex and age groups in parallel models. Heterogeneity between study centers was assessed and adjusted for with hierarchical, multilevel approaches. A 2-sided p value ,0.05 was considered significant for all statistical tests; no adjustment for multiple testing was applied for the secondary analyses. Thus, significances may not be interpreted as strictly confirmatory. All software was commercially available: IBM SPSS Statistics 20, release 20.0.0 (SPSS, Inc., 2011, Chicago, IL; www.spss.com) and SAS software (version 9.2 of the SAS System for Windows, 2008, SAS Institute Inc., Cary, NC).
RESULTS
Ultrasound examination of the ICAs was performed in 2,457 patients with ischemic stroke or TIA. Complete data on echocardiography and electrocardiography were available in 1,842 (75.0%) and 2,141 (87.1%) patients. According to the TOAST classification, the etiology of the index stroke or TIA was large-artery disease in 430 (17.5%), cardioembolism in 345 (14.0%), small-vessel disease in 339 (13.8%), other determined causes in 406 (16.5%), and undetermined cause in 836 (34.0%) patients (4.1% missing data). Based on clinical, MRI, and ultrasound criteria, we excluded all patients with arterial wall dissection (n 5 251), mobile thrombus (n 5 13), or vasculitis (n 5 6) from further analysis and analyzed the remaining 2,187 patients (43.5% of the total cohort, 1,319 men; 744 ,45 years of age). The extracranial VA were examined in 2,009 of these 2,187 patients (91.9%). TCD was performed in 1,612 (73.7%) patients (943 men; 562 ,45 years of age). Of these, 1,561 (96.8%) received transtemporal and 1,511 (93.7%) transforaminal TCD. Further analyses were performed separately for patients with ischemic stroke and patients with TIA.
Patients with ischemic stroke (n 5 1,645). Prevalence of at least unilateral ICA stenosis $50% or occlusion was 8.9% (table 1) , and was significantly higher in middle-aged than in younger patients ($45 years vs ,45 years: 11.0% vs 4.9%). The majority of patients with ICA stenoses or occlusions (81%) had acute stroke in the ipsilateral hemisphere, indicating an arterio-arterial embolic or hemodynamic pathomechanism. Again, this prevalence was significantly higher in middle-aged than in younger patients ($45 years vs ,45 years: 9.2% vs 3.4%). Among those who underwent both extracranial and transcranial Doppler ultrasonography, 24.1% of patients with extracranial ICA stenosis or occlusion had additional intracranial artery stenosis or occlusion (data not shown).
TCD of the supratentorial intracranial arteries was performed in 1,181 ischemic stroke patients. Intracranial arterial stenoses or occlusions were more common than extracranial ICA stenoses and occlusions (13.9% vs 8.9%) (table 2). The majority (12.2%) involved the MCA. Overall, stenoses were more frequent than occlusions (11.2% vs 3.2%), and significantly more prevalent in middle-aged than in younger patients (13.0% vs 7.8%). In contrast, prevalence of supratentorial intracranial artery occlusion did not differ significantly between middle-aged and younger patients (both 3.2%). The majority of patients with MCA stenoses or occlusions had acute ischemic stroke in the ipsilateral MCA territory, and the stenoses/occlusion was considered symptomatic (n 5 118, 81.9%), whereas ACA or PCA stenoses or occlusions were mainly asymptomatic for the qualifying CVE.
The extracranial V2 segments were successfully insonated in 1,506 ischemic stroke patients while the intracranial VA segments and the BA were successfully insonated in 1,125 stroke patients. Abnormal flow characteristic of the extracranial or intracranial vertebrobasilar circulation was seen in 10.3% of the total group of ischemic stroke patients with available data (n 5 162 of 1,569) (table 3) . This prevalence was similar to extracranial ICA stenoses and occlusions. Likewise, higher prevalence of vertebrobasilar flow abnormalities occurred in middle-aged than in younger patients (12.1% vs 6.9%).
Patients with TIA (n 5 542). The prevalence of ICA stenosis $50% or occlusion (5.9%) and of intracranial stenoses or occlusions (5.3%) was lower in patients with TIA than in patients with ischemic stroke (table e-1 on the Neurology ® Web site at www.neurology.org). Specifically, occlusions of the intracranial arteries were very rare (0.3%).
Sex aspects. Nonstenotic carotid plaques and ICA stenoses ,50% occurred more frequently in men than in women (table e-2) . Furthermore, prevalence of flow abnormalities in the vertebrobasilar arteries was higher in men than in women (11.8% vs 8.0%). However, no consistent sex differences were observed for high-grade (.50%) carotid or intracranial artery disease.
TOAST classification. Among all patients, the index stroke or TIA was attributed to large-artery atherosclerosis according to TOAST classification in 17.5%. However, the majority of strokes (76.6%) and TIA (60.7%) in patients with extracranial ICA stenosis or occlusion were attributed to large-artery atherosclerosis ( figure) . In contrast, only 56.4% of strokes and 35.3% of TIA in patients with MCA stenosis or occlusion were attributed to large-artery disease, although 82.3% and 83.3% of these stroke and TIA patients had infarction in the ipsilateral MCA territory. Among the remaining strokes of patients with MCA stenoses or occlusion, 35.4% were cryptogenic and 8.2% resulted from other etiologies.
Sensitivity analyses. As an internal validation, we performed sensitivity analyses. First, we analyzed data from those centers that performed ultrasonography in $90% of their patients (table e-2). In this analysis, prevalence of extracranial and intracranial stenoses and occlusions in men, women, middle-aged, and younger individuals was similar to the analogous prevalence in all patients examined with ultrasonography. However, nonstenotic plaques were less prevalent in centers with performance rates $90%, suggesting a bias toward the report of positive findings and the underreporting of negative findings in centers with lower performance rates. In centers with performance rates $90%, nonstenotic atherosclerotic carotid artery plaques and ICA stenoses ,50% occurred in 12.7% (n 5 139) of ischemic stroke patients and were significantly more prevalent in men than in women (15.8% vs 7.7%) and in middle-aged than in younger patients (17.0% vs 4.9%). Second, we reanalyzed all centers with ultrasonography performance rates $90% and included all individuals whose findings were suspicious for dissections, mobile thrombus, or vasculitis (n 5 177) into the denominator. Again, prevalences only changed by less than 2 percentage points for ischemic stroke patients, except for the combined prevalence of "carotid plaque, ICA stenosis, or occlusion" (2.6% lower prevalence; data not shown).
DISCUSSION Sifap1 is the largest study worldwide of younger ischemic stroke and TIA patients to date. This study illustrates that atherosclerosis of extracranial and intracranial arteries is a major risk factor in younger stroke patients in Europe. The vast majority (76.6%) of ischemic stroke patients with carotid artery disease had a CVE caused by large-artery disease according to TOAST classification. In patients aged 45-55 years, prevalence of high-grade extracranial carotid stenosis or occlusion is almost as high as in older stroke patients, [5] [6] [7] [8] [9] [10] [11] [12] and even in younger patients aged 18-45 years, prevalence of severe carotid artery disease is 4.9%. Furthermore, intracranial artery disease is mainly confined to the MCA and it was observed more frequently than extracranial carotid artery disease in younger stroke patients. Similar to carotid artery disease, the majority of MCA stenoses or occlusions were associated with infarction in the ipsilateral MCA territory.
However, the role of intracranial stenosis in the etiology of stroke is less clear than that of extracranial stenosis. A substantial proportion of MCA stenoses and occlusions may have arisen from embolism from the heart or proximal arterial source. Accordingly, 35.4% of infarctions associated with ipsilateral MCA stenosis or occlusion were of undetermined etiology, and prevalence of MCA occlusions did not increase with age, whereas obstructive lesions at any other arterial site were significantly more prevalent at older ages. Unfortunately, sifap1 did not record the exact site of MCA, ACA, or PCA stenosis or occlusion, or provide follow-up examinations; these data could have helped to distinguish between stenosis or occlusion due to atherothrombosis or embolism.
This database design issue also restricts interpretation of data on prevalence of atherosclerotic or embolic ACA stenoses because the A1 segment may exhibit higher flow velocities due to crossflow phenomenon from the opposite ACA, and the sonographic depiction of A2 stenoses is only technically feasible in the very first section of the vessel. However, because the prevalence of ACA stenoses was relatively low (31 in ischemic stroke and 4 in TIA patients) compared with the number of MCA stenoses (109 in ischemic stroke and 19 in TIA patients), this does not detract from the main findings on intracranial stenosis or occlusions in this study.
As expected, prevalence of intracranial artery stenoses and occlusions in our study was lower than in younger Asian stroke patients (22%-26% [22] [23] [24] ), probably due to lower incidence of moyamoya syndrome in adults in Europe. However, prevalence of supratentorial intracranial artery stenoses (11.2%) and occlusions (3.2%) in the 18-to 55-year-old stroke patients in sifap1 approached the prevalence of stenoses (8.1% 19 and 13.2% 21 ) and occlusions (0.7% 19 and 6.6% 21 ) in older Caucasian TIA and stroke patients with a mean age of 62 years.
Dissection of the carotid and the vertebral arteries is an important cause of young stroke. 28, 29 In contrast to previous studies, which did not distinguish extracranial stenoses due to atherosclerotic disease from dissections, 14, 15 we excluded all cases with dissection, vasculitis, or mobile thrombus according to clinical, ultrasound, and other imaging criteria. The comprehensive approach allowed more reliable estimation of the prevalence of atherosclerosis in younger TIA and stroke patients. A further important finding from our large sifap1 ultrasound database is the high burden of subclinical atherosclerosis in middle-aged TIA and stroke patients in 21st century Europe: nonstenotic atherosclerotic carotid plaques and ICA stenoses ,50% were seen in 17.0% of ischemic stroke patients aged 45-55 years. However, carotid plaques and ICA stenoses ,50% occurred in only 4.9% of ischemic stroke patients aged 18-44 years, which was comparable with findings from earlier population-based studies that identified carotid plaques in 7.0% of women and 9.4% of men aged 25-44 years. 30 Even nonstenotic atherosclerotic carotid plaques may convert into an acute thromboembolic disorder. Increased expression of adhesion molecules, chemokines, cytokines, and matrix metalloproteinases within the plaque and on endothelial surfaces, tissue factor secretion, and intraplaque infiltration of inflammatory cells may result in plaque destabilization and subsequent intraluminal thrombosis. 31 Our study has some limitations. Sifap1 was not designed to include a control population without TIA or stroke, so we cannot comment on the relative frequency of extracranial and intracranial stenoses compared with a group of age-and sex-matched controls. The cross-sectional study design does not allow one to assess the potential role of progressive atherosclerotic stenosis in the etiology of CVE, or the effect of risk factor modification on the prevalence of extracranial or intracranial stenosis. Our patients are predominantly European Caucasians, so one cannot assume that our data will apply to other ethnic groups or geographic locations. Nevertheless, our findings provide invaluable insight into the mechanisms responsible for ischemic cerebrovascular disease in Europe. TCD of the supratentorial intracranial arteries was less frequently performed than extracranial ultrasonography; only 71% of our patients underwent TCD. This may have led to an underestimation of the prevalence of intracranial stenoses or occlusions on ultrasound in this component of our study, if, for example, sonography was not performed in patients who had apparent stenoses or occlusions on other imaging modalities such as magnetic resonance angiography or CT angiography. Although ultrasonography is easy to perform and free from hazardous side effects, it is more operator-dependent than other imaging techniques. Specialized training, experience, and certification by relevant accrediting societies are mandatory. However, highly specialized personnel are not available on a 24-hour basis in many stroke centers. Finally, there are no universally accepted criteria for grading intracranial artery stenosis, and this somewhat limits interpretation of the comparison between prevalence of intracranial stenosis in sifap1 and prior studies on this topic.
Sifap1 supports the notion that the majority of CVE in younger and middle-aged patients is nonatherosclerotic in origin. However, a considerable minority of younger patients aged 18-44 years with CVE actually have significant large-artery atherosclerosis. Identification of at-risk individuals prior to their first CVE may allow for risk factor modification, with the potential to reduce stroke incidence in this population. Our findings have important implications for the clinical management of stroke patients and prevention campaigns. 1) The high prevalence of intracranial stenoses and occlusions highlights the importance of intracranial vascular imaging in younger stroke patients. 2) The substantial prevalence of subclinical and clinically apparent extracranial carotid atherosclerosis in younger and middleaged stroke patients emphasizes that large-scale cerebrovascular prevention campaigns aiming at the young and even at teenagers are urgent and overdue. 
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